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FOREWORD

This report documents a study conducted at the Naval Weapons Center, China Lake, Calif.
between January and July 1976. The work was conducted under a target acquisition program
supported by MIPR RA 46-75, AMCMS Code 675702.12.86300.

The Joint Technical Coordinating Group for Munitions Effectiveness is sponsoring work on
surface-to-surface target acquisition under its Joint Munitions Effectiveness Manual for the
Surface-to-Surface Division. Current tasks include the summary of field test data from target
acquisition tests, experimentation on target camouflage, and the collection of data on terrain and
foliage masking (intervisibility).

This report is a handbook for determining line of sight in different types of terrain. It was
reviewed for technical accuracy by Ronald A. Erickson of the Naval Weapons Center.
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INTRODUCTION AND BACKGROUND

This report is a companion to NWC TP 5908, Line-of-Sight Handbook.
Its purpose is to explain how the data were collected and the computa-
tions made to produce the data presented in that report.

The objective of this masking measurement program is to present
probability of line of sight (LOS) as a function of terrain, range, and
altitude., Preparation of the handbook included carrying out a literature
search!s? to determine if the required data existed and, if it did not,
if there was a proven technique that could be used to obtain it.

Map studies, field studies, and models were examined. Models were
rejected for use because their correlation with reality was not known.
Information obtained from maps has many advantages, but also limitations--
mainly that there is no good way to determine the effects of vegetation
on LOS. There were some field data in existence, but information was all
gathered for particular sites, with no attempt made to generalize according
to types of terrain. However, the literature search did result in dis-
covery of a technique that could be used, with some modification, to
obtain desired data on LOS in the field.

As a result of the lack of detailed and generalizable information,
it was decided to undertake a measurement program that would describe the
LOS characteristics of various types of terrain. , The method to be used
was an extension of that used to measure masking 'around each of the targets
during the JTF-2 flight trials in 1965.' Those researchers measured the
elevation angle and range to objects surrounding the target which mask it
from view (mask objects). From this information, the probability of
having a clear LOS to the target from any range and altitude was computed.
The NWC measurement program described in this report used the same type
of measurements, but from several sites in the same kind of terrain.
Probability of clear LOS for each terrain type was then computed. The
method is explained in detail in this report.

! Naval Weapons Center. A Review of Ground Target Masking Effects, by Carol J. Burge and Robert Stohler.
China Lake, Calif., NWC, June 1974. (NWC TP 5668, publication UNCLASSIFIED.)

2 Naval Weapons Center. A Review of Surface-to-Surface Masking Studies, by Carol J. Burge. China Lake,
Calif., NWC, June 1975. (NWC TP 5773, publication UNCLASSIFIED.)
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THEORY AND DATA-GATHERING PLAN

MASK ANGLE, RANGE, AND CRITICAL ALTITUDE

Consider a single radial extending from a target or site at S, as in
Figure 1. The angle between the horizontal plane (H) and a line with
origin at S which is high enough to clear the tree is mj. That is the
mask angle of the tree. The angle needed to clear the first hill is mj.
An observer standing at ground level between S and the tree can see a
target at S. If he is between the tree and the first hill at a range R
from the target, S, the observer must be at least as high as the value of
R tan m; in order to see S. Between the first and second hills, an
observer must have an altitude of at least R tan mp in order to see S.
Similarly, an altitude of at least R tan m3j is needed to see S from a
range which is beyond the second hill. These altitudes necessary to have
a clear LOS to the site are called critical altitudes (CAjp, CAp, CA3,
and CA4 on Figure 2). They are a function of the terrain and of range.
For any range, R, critical altitude is equal to R tan m, where m is the
mask angle in effect at that range. Whether LOS exists to the site from
any range-altitude combination can be determined simply by comparing the
given altitude with the critical altitude at the required range.

Now consider a circle with circumference at a given range from a
site, S, cutting through the many radials extending out from that site
(Figure 2). There is a critical altitude value, CA, at each range-radial
intersection (four are shown in Figure 2). The mean of these is the mean
critical altitude for that range, with respect to that site. Assuming
that the critical altitudes are normally distributed, about half the
critical altitudes would be higher than the mean. Therefore, if one were
to travel the range circle's circumference at the mean critical altitude,
one would expect to have a clear LOS to the site about 50% of the time.
Critical altitudes with higher probabilities of a clear LOS mav be found
by adding standard deviations to the mean, because the mean plus or minus
two standard deviations contains about 95% of the values in a normal
distribution. The mean critical altitude plus two standard deviations
should be an altitude with a probability of about 0.975 of having a clear
LOS to the site.

PROBABILITY OF LOS

Referring again to the range circle in Figure 2, the probability of
having a clear LOS to S from the circle, at a given altitude, is the
ratio of the number of radials for which that given altitude is higher
than the critical altitude to the total number of radials. Thus, once
measurements have been made of mask angles and of range to mask objects,
probability of LOS for anv range and altitude can be computed.
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NUMBER OF SITES

The number of sites required to obtain a reasonably good statistical
description of the LOS characteristics of a speci."ic kind of terrain was
unknown. To obtain a guideline for the number of sites needed, the
assumption was made that probability of LOS could be described by the
binomial model. This assumption was made because there are only two
possibilities, from any observation point in space, with regard to LOS
to the site: it either exists or it does not. If the probability that
it does exist is p, then the probability that it does not is 1l-p. It
is further assumed that each test of LOS is independent of the other
tests. This obviously is not true if the observation points tested are
too close together.

Calculations were made to get the approximate number of LOS measure-
ments needed for a 95% chance that the probability of LOS estimated from
the data would lie within #0.1 of the actual probability of LOS. This
number was determined to be between 75 and 100. Details of the computa-
tions are included in Appendix A.

Although it could be argued that each measurement along a radial
could be counted toward the 75 to 100 required, it was decided to try
to work with between 75 and 100 separate radials in each category of
terrain. To keep measurements as independent as possible, only 16 radials
per site would be measured, at intervals of approximatelv 22.5 deg. Five
or six sites were needed for each terrain type, to obtain the desired
number of independent measurements.

TERRAIN CLASSIFICATION

To determine LOS as a function of terrain, the various kinds of
terrain had to be separated into categories. Sites were classified
according to two properties: contour and vegetation. Contour ranged
from flat farmland to sharply rolling hills; vegetation ranged from
scattered low bushes to dense forests surrounding a small clearing.

Final classification of a site was determined on the basis of how terrain
looked on topographic maps, in aerial and ground photographs, and from
direct observation.

LOCATION OF SITES

Areas of quite homogeneous terrain in each categorv were outlined on
topographic maps and, within the areas, sites from which measurements
would be made were tentatively marked. An effort was made to locate
each site in an area "typical' of the terrain tvpe, with no uncharacter-
istic features. Sites were selected in an "average' position within the
area--that is, not on the highect or lowest ground.
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MEASUREMENT TECHNIQUES AND EQUIPMENT

Some time was spent investigating the possibility of using a laser
range finder for making the required range and elevation measurements.
The idea was reluctantly abandoned because of safety restrictions that

would have severely limited the choices of terrain where measurements
could be made.

It was decided to employ a standard surveying technique using two
theodolites, which we will call Thj and Thp. The theodolites were set
up, as shown in Figure 3, both aimed at the same point, P. The elevation
of the point, with respect to Thj, was measured, using only Thj.

FIGURE 3. Range and Mask Angle Measurement.

To determine the range, the distance B~ between Th; and Th) is
measured with the aid of a subtense bar. A subtense bar is a bar of
accurately measured length, X, with a level and telescope on it for
sighting on the theodolite being used to make the measurement. The bar
was mounted on the Th) tripod, perpendicular to the line between Th) and
Thp, as in Figure 4a, and the angular subtense, a, of the bar was
measured, using Thl. B~ was calculated from the equation below.

- X

Jn 2 tan a/2
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where

X = length of subtense bar
o = angular subtense of subtense bar.
The elevation angle, elt, between theodolites was measured to correct for

any difference in their heights. B = B” cos elt, as shown in Figure 4b.
Then

_ X cos elt

B tan a/2°

With B now determined, the angles 6; and 67 were measured. Then, by the
Law of Sines,

B sin 82
sin (61 + 92)

R =

where

R

the range from Thj.

The theodolites used in this study were a Kern, model DMK-3, designated
as the primary theodolite (Thy), and a Wild, Model T-2, designated the
secondary (Thp). The subtense bar was also a Wild instrument.

e —

Thy
8’
/29 4////////////11/,,8
el e
’ Thy ! &
(b)
Thy

(a)

FIGURE 4.
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DATA-GATHERING PROCEDURE

Tentative sites from which to make LOS measurements were located on
topographic maps. Precise location of the site to be measured was done
at the scene. Table 1 gives the names by which the various sites were
designated for the study and their locations, along with the number of
radials along which measurements were made for each. Thj; was set up on
the spot designated as the site. The tripod for Thy was located at
least 40 m (100 ft) away in a spot with unobscured visibility of Thj] and,
if possible, somewhat uphill from Th] so that anything visible to Thj
would probably be visible to Thjp.

Thi was leveled by its operator while the subtense bar was mounted
on the Th) tripod. The angular subtense of the bar was measured by Thj
and recorded. Thp then was mounted and leveled. The vertical leveling
bubble in each theodolite was centered, and the elevation angle, elt,
between the two theodolites was measured, each using the crosshairs
intersection of the other scope as target. If the measurements of elt
were not within 20 seconds of each other, measurements were repeated
until they were. While the theodolites were aimed at each other, the
azimuth scale on Thj was set to 0 deg and that on Th2 to 180 deg. This
completed the setup procedure.

To begin making measurements, Th] was rotated to the first azimuth
value (radial) indicated on the data-recording sheet. The crosshairs
were set on the skyline, the vertical level adjusted, and the elevation
read. The Th) operator looked through the scope of Th] at the position
on the horizon on which the crosshairs were set, went back to Th?, and
placed its crosshairs on the same spot on the horizon. This process
sometimes required a few iterations. When it was agreed that both theodo-
lites were looking at precisely the same spot, the azimuth was read on Tho.
The nature of the mask object was recorded, i.e., a hill, rock outcrop,
or tree.

For the next measurement, the scope of Th] was lowered to the next
mask object down from the skyline and the process repeated. This was done
for up to four mask objects along the radial, the closest ones to the
site being ignored if there were more than four. The radials were done
in four groups of four opposing radials at each site, as shown in
Figure 5. This was for two reasons: first, if all 16 radials could not
be completed (due to weather or time limitations), the sampling would not
be lopsided; and, second, in case an undetected, systematic error developed,
it would be spread over all the data, rather than deforming one segment.
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TABLE 1. List of Tentative Sites for LOS Measurements.
Terrain type Name of site Now it Geographic location
radials
. Fairly flat farm- High Falls 16 Near Ft. Rucker, AL
land; thick forests{ High Bluff 1 16
in distance Allen 16 ,
Toth 1 36" 1
Toth 2 16 |
. Fairly smooth Y-1 11 ‘ Near Ridgecrest, CA
desert with little Y-2 13
vegetation Y-3 15 ,
Y-4 16
Rademacher 3 16 i
. Rolling farmland; David Hendricks 16 f Near Ft. Rucker, AL
thick forests Dundee 16 !
close Clayhatchee 1 16
. Moderately rough Wilson Canyon 1 12 NWC range, China
desert and rolling | Wilson Canvon 2 10 Lake, CA
hills with little Mt. Springs Canyon 2
vegetation Rademacher 1 19 Near Ridgecrest, CA
L5
Cameron 1 1] Near Monolith, CA
Cameron 2 16
. Fairly flat farm- Slocomb 16 Near Ft. Rucker, AL
land with thick High Bluff 2 16
forests close Clayhatchee 2 16
Clayhatchee 3 16
Clayhatchee 4 16
. Gently rolling Golden Hills 1 16 Near Tehachapi, CA
hills with Golden' Hills 2 16
scattered trees Stallion Springs 3 16
Stallion Springs 4 16
. Rough desert with Wilson Canyon 3 16 NWC range, China
little vegetation Mt. Springs Canyon 1 19 Lake, CA
Mt. Springs Canyon 3 15
Mt. Springs Canyon 4 16
Rademacher 2 19 Near Ridgecrest, CA
Sharply rolling Stallion Springs 1 16 Near Tehachapi, CA
hills with thickly | Stallion Springs 2 14

10
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FIGURE 5. Order in Which Radials Were Measured.

Several problems were encountered using this method. One was the
difficulty of locating, on the scope of Th2, a precise, tiny spot seen
as the crosshairs intersection point in the scope of Thj. Operator
training in the process partially overcame this problem. Leveling the
theodolites was time-consuming; the instruments were re-leveled and the
0- to 180-deg line reset if either of them was bumped or if suspicious
readings were obtained. It sometimes happened that the point at which
Th] was aimed was masked from Thy by a tree or hill. 1In these cases,

Thy was rotated a degree or two until a mutually visible point was found.
Of course, the azimuth reading on the data sheet of the primary theodolite
was changed accordingly. A sample data-recording form and procedure

list are shown in Appendix B.

At each site, 12 photographs were taken looking out from the site,
starting on the north radial and moving counterclockwise in a circle.
Aerial photographs were taken of the terrain where the sites were located.
In most cases the individual sites are shown in the pictures.

11
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DATA REDUCTION AND RESULTS

COMPUTER PROGRAMS

Two computer programs for the UNIVAC 1108 were written and used to
reduce the data, which consisted of mask angles and azimuth angles, as
well as angles for measuring B (see Figure 3). One program computes and
plots probability curves and critical altitudes for individual sites.
The other program combines probabilities and critical altitudes from
individual sites into summary probability and critical altitude curves
for each terrain type. A listing of the programs and instructions for
their use are in Appendix C.

LOS AS A FUNCTION OF TERRAIN

The body of the Line-of-Sight Handbook contains critical altitude
curves and two sets of probability curves: one for altitudes below
1000 m and another for altitudes below 5000 m, for each terrain tvpe.
Aerial and ground photographs and topographic maps are included for each
type of terrain measured. An example of all these items for one of the
terrain types is shown in Figures 6a and b, 7a and b, 8, 9, and 10a and b.
The handbook's appendix contains the same information for each individual
site. An example of individual site data is shown in Figures 1lla, b,
and ¢, 12a, b, and ¢, 13, and 14.

Figure 15 shows the terrain types included in this study, listed in
order from that with the least masking to that with the most. The ranking
is based on a comparison of the probabilitv curves from the various tvpes.
In an effort to find measures that might correlate with LOS probabilitv,
the average angle between the skyline and the horizontal plane and the
median range to the skyline were computed for each site. Figure 15 shows
the average of the average skyline angles of all the sites in each terrain
tvpe. The standard deviations about these means are also shown. The
average skyline angles were rank-ordered and the Spearman rank correlation
coefficient, rg, was computed with the ollowing equation:

62di

o e (nz - 1)’

where

di = the difference between ranks for each terrain tvpe,

n = the number of terrain types.
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For this study, rg = 0.95, which is significant at the 0.005 level. It
is not surprising that average skyline angle and probability of LOS are
closely correlated, since the computation of the probabilitv depended
in part on the skyline angle. However, it does indicate that the need
to measure masking objects below the skyline should be reevaluated
before more masking measurements are made. The effort may be worth-
while only for very low altitudes.

In Figure 16, the average median range to the skyline is shown
for the eight terrain types. The standard deviations around these means
were huge, so caution must be used when interpreting this plot. It is
interesting to note the relatively long median ranges to skyline for
desert and mountain foothill sites compared to farmland sites.

COMPARISON OF FIELD AND MAP DATA

1 A minor objective of the measurement program was to compare the

: field results with data obtained from topographic maps. Figure 17 (a,
b, and c) plots probability curves computed by Erickson’® on the same
graphs with results from this study. The terrain categories were the
same, but the actual terrain measured was different. The agreement
between the map and measured curves is reasonably good, especially for
the fairly smooth and the rough cases. This agreement is no doubt aided
by the fact that vegetation was not a significant factor for the desert
terrain types. Probability curves from map data have not been computed
for other terrain types. These could readily be done if the need arises.

SUMMARY

';..'

1 This report has presented detailed information on how data were
collected and calculations made for TP 5908, Line-of-Sight Handbook.
The concepts of critical altitude and of probability of LOS have been
explored, along with classification of terrain types and selection of
% sites for making measurements. The equipment used for making measurements
and the techniques used were described. Data reduction methods and
examples have been provided.

3 Naval Ordnance Test Station. Empirically  Determined I'[fects of Gross Terrain Features Upon Ground
Visibility  From Low-Flying Aircraft, by Ronald A. Erickson. China Lake, Calit.. NOTS, 13 September 1961.
(NAVWEPS Report 7779, NOTS TP 2760, publication UNCLASSIFIED.)
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FIGURE 9. Topographic Map of Rough Desert.
Scale is 1:62,500; contour interval is 40 ft.
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(a) Aerial View .

(b) Ground View

FIGURE 10. Photographs of Rough Desert With Little or No
Vegetation.
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FIGURE 12. An Example of Data for an Individual Site, CM 2.

Probability of LOS as a function of (a) altitude up to
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FIGURE 13. Site CM 2, Topographic Map. Scale is
1:24.,000; contour interval is 40 ft.
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(a) Aerial view, Sites CM | and CM 2.

(b) Ground view, Site CM

FIGURE 14. Photographs of Sites CM 1 and CM 2
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FIGURE 17. Comparison of Field and Map Data for Three Types

of Desert Terrain.
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(c) Rough desert terrain.

FIGURE 17. (Contd.)
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Appendix A
CALCULATION OF REQUIRED NUMBER OF LOS MEASUREMENTS

The assumption was made that probability of LOS can be described
E | by the binomial model, since for any particular sighting there are only
F, two possibilities--either LOS exists or it does not.

Let p = probability that LOS exists;

? then
1-p = probability that it does not,
? P = estimate of p made from the data,
3 o = probability that p lies within some tolerance, T, of p,
I =p -'T,
u=p+T.

Then P[1 < p < u] = 0.
By the binomial expansion,

2 S A [ 2
et o VR____(IR“P) +(—C——>

2n

el
e 2

u,l

ey R S

k| which can be simplified, by using the normal approximation to the
- | binomial, to

?_, 5(1 - p)
L u,l=s ptc E*—‘;‘L g

The normal approximation is good when p is close to 0.5.

4 where c is a coefficient obtained from a table of the normal distribution.
: When solved for n, the above equation yields

n= 552&%—:-21 .
T
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It was decided to strive for an estimate of p that would have a 0.95
probability of being within 0.1 of the true probability; therefore T
= 0.1 and o = 0.95. The following table was computed for a p of 0.5.

n 1 u

100 0.411 0.607
50 0.380 0.657
10 0.274 0.886

It appears that between 50 and 100 measurements are needed to fulfill
the requirements when P is close to 0.5.

If p = 0.9, the following table shows that between 36 and 50 measurements
should be enough. Since the number of measurements required did not go
up when p was raised to 0.9, it was decided that between 75 and 100
measurements for each terrain type should be enough.

n 1 u

50 0.815 0.992
36 0.799 1.01
10 0.692 1.14
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Appendix B
PROCEDURE SHEET AND DATA RECORDING FORM

MASKING MEASUREMENT PROCEDURE

Set up primary tripod (Kern) at site. Rough level it. Mount Kern
theodolite on it and level it.

Set secondary tripod about 67 strides (at least 100 ft) from the
site. Mount the subtense bar on it and set it perpendicular to
line from the other tripod.

Measure and record the horizontal angular subtense of the bar,
alpha.

Mount and level the secondary theodolite on the secondary tripod.

Measure and record the elevation angle between theodolites using
the center of scopes as targets, elt.

Set the 0- to 180-deg lines on the theodolites parallel to the line
between tripods:

a. From the primary, set the secondary at 180 deg (the primary
reads 180 deg).

b. From the secondary, set the primary at 0 deg.

On the primary theodolite, move the reticle along the skvline until
the horizontal circle reading is 80 deg. Check the altitude level,
then read and record elevation, El1 (top and bottom scale).

Place the reticle of the secondary theodolite at the same point on
the skyline as the primary. Read and record the horizontal scale,
Azg (middle and bottom).

Lower the primary theodolite reticle to the next mask object down
from the skyline, keeping the horizontal scale on 80 deg. Check
and read vertical scale.

Place reticle of secondary theodolite on the same point and read
horizontal scale.

Repeat steps 9 and 10 for as many as four mask objects along the
radial., If there are more objects, ignore those closest to the site.

Repeat steps 7 through 11 for each azimuth shown on the data
recording form.
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Sheet 1 of 2
Date: Site: Alpha: Elt:
Th: Terrain type: No. Radials:

Order | Az’ El Azg Object Comments
13 12

5 35

14 58

1 80

9 102

6 125

10 148

2 170

15 192

7 225

16 238
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Sheet 2 of 2

Site:

Order| Az' El Azg Object Comments
3 260

11 282
8 305

12 328
4 350

Site description: Camera Log:
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Appendix C
COMPUTER PROGRAMS

Both programs were written in FORTRAN V for a UNIVAC 1110 computer.

PROGRAM PLOS

Tha program "PLOS'" uses raw data to compute ranges to mask objects,
then critical altitudes and probabilities of LOS.

Input Data

Card 1 NT , NR , NHE ., NRP , NHP
Column 1-5, 6-10, 11-15, 16-20, 21-25

where

NT = the number of sites for which data are being submitted,
NR = the number of ranges at which probability is to be computed,
NHF = the number of altitudes at which probability is to be computed,

NRP: on the graphs of probability versus range, a symbol will be
drawn every NRP range value,

NHP: on the graphs of probability versus altitude, a symbol will
be drawn every NHP altitude value.

Card 2 Rl R2 SR R12
Column 1-6, 7-12, 67-72
Card 2a R13 e SR Ll RNR

Column 1-6,
as many cards as needed.
R is the range at which probability of LOS is to be computed.

Six columns are allowed for each range and the numbers must be right-
justified.

Card 3 HFl HF2 R R HF12
Column 1-6, 7-12, 67-72
T TN e e —
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Card 35 HF13. Sl SRR S HF

as many cards g Needed ,

For each Site:

Card ) ALP, ELT, NM, NTN
Deg Min Sec Deg Min Sec
Column =3 4-¢ 7-10 13-15 16-19 20-2; 25-27 31-36

Where

s minutes, and

s minutes, and

Card 2 AZp, DMsSk , AZS
Deg Deg Mip, Sec Deg Min Sec
Column 1-5 8-10 11-13 l4-16 19-21 22-24 25-27

Card (4xNM): i.e., one card for €ach magy object Measured
cards/radial.

DMSK = mask angle in degrees, minutes, and Seconds,

AZS = azimuth angle frop Secondary theodolice in degrees, Minuteg,
8.
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Output
The program prints for each site:

The distance between theodolites, B.

2. AZP, mask angle, and range to mask object, for each mask object.

Average angle to the skyline and average range to the skyline
mask object.

4. For each range:
a. A critical altitude for every AZP.
b. The mean critical altitude for the range.

5. A probability of LOS table with probability of LOS for every
combination of altitude and range.

The program plots for each site (all on a single sheet):

1. Probability of LOS versus altitude--a curve for each range.

2. Probability of LOS versus range--a curve for each altitude.

3. Critical altitude versus range--a curve for mean critical
altitude and a curve for the mean plus two standard deviations.

The program punches:

Mean critical altitude--one for each range, up to 12 per card.

2. Mean critical altitude plus two standard deviations--one for
each range, up to 12 per card.

3. A probability table with a probability punched for each
range--altitude combination.

PROGRAM AVPL

The program "AVPL" combines and summarizes the data from all the
sites in a given type of terrain into a description of the terrain type.

Input Data

Card 1 NSETS
Column 1-5

NSETS = the number of types of terrain for which data is being
submitted in this run.

35
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For each terrain type:
Card 1 NT , NN , NHF , NRP , NHP , NIN
Column 1-5, 6-10, 11-15, 16-20, 21-25, 31-36
These variables are the same as those described for PLOS, Card 1, except
for the addition of NTIN. NTN is a six-character alphanumeric identifier
of the terrain type.
Card 2 R1 R2
Column 1-6 7-12
Range cards--same as for PLOS.
Card 3 HFl HFZ' .
Altitude cards--same as for PLOS.
For each site (punched by PLOS): :
Card 1 Mean critical altitude i
NR of them, up to 12 per card. f
Card 2 Mean critical altitude plus two standard deviations :
NR of them, up to 12 per card. i
Card & Eemeay Masn i T o PLos 1 nuF ;
P P :
LOS 21 g e LOS NR,NHF ?
j P, g = probability of LOS. ﬁ
Output

AVPL prints the average probability table for each terrain type. :
AVPL plots: g

1. The average probability versus altitude with one curve for
each range.

2. The average probability versus range with one curve for each
altitude.

3. Critical altitude versus range--one curve of the mean critical
altitude and another for the mean plus two standard deviations.

i - 36
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Listing of the Computer Program PLOS

CCMPUTES PLOS AS FUNCTICN OF RANGE AND ALTITUDE. IANPUT OATA ARE MASK
ANGLES AROUND A TARGET.
NMINUMBER OF MASK ANGLES PER TARGET

NR=
NPz

13C
122
233

261

202
203

e i
& o

225
236
2C7
278
33C
335

2C

325

NUMBER OF RANGES, NFINUMBER OF FLIGHT ALTITUDES, NT=NUMBER OF TARGETS
NUM3ER QOF PRQORARILITIES =NRXNHF
DIMENSTION SMSK(ZG0,4),R0O(2C,4) \R(32),HC(32,20),HF(22),PROB(32,22)
DIMENSION P(32),THETAL23) ,LABGELP(6)
CIMENSICN ALP(3),FLTU2),AZP(T72,4)DMSK(4,3),3A25(4,3),A2S5C(T2,4)
DIMENSION AVEC(32),VAR(32),CA2:0(32)
ODIMENSION IPAKL1(Z10),IPAK2(212)
JIMENSION RLAR(2),,HLAB(2)
FORMAT (S13)
FORMAT (12F5.2)
FORMAT (LH_'PLCS PROGRAM SITE ',A6)
FCRMAT (1HC7HRANGE Z=F74C,6HME TERS)
FORMAT (1HJI1SHCRITICAL ALTITUDES)
FORMAT (1HJI2F1C.7T
FORMAT (l1HJ23HMEAN CRITICAL AL TITUDE IF 74 CQ46HMETERS)
FCRMAT (iHL1'PCPOBASILITY CF LCS TABLE SITc *,4A%)
FORMAT (IHUOHALTITUDE=ZIGF1Z.2)
FORMAT(1HOSHRANGE)
FORMAT(1HCF640,4X10F10,3)
FORMAT(FlaJd)
FORMAT (°*PROGAEBILITY OF LOS, SITE *,46,°%8°)
FORMAT(*R=*4FEely'S")
FORMAT(®ALT=",F642,"%")
THETA(1)=3
SBARZ2.
OC3IK=2,73
KisK=1
THETA(K)STHETA(KL)+1CeC%al0%82
CALL FRBZIC(® 35175 C. BURGE PHe 3167°)
READ(S,1CIINT ,NR, “HF y NRP,NHP
READ(SVIC2) (RIK) yKZ 2y NR)
READ(S5,4122) (HF(K) K1,y LHF)
ML TNMe
DO9K=1,NP




3%
39%
4g*
41=
42 %
43=
44
45=
46=
47=
48 =
493
SC=
Sl=
2=
53%
S4=
35#
So%
ST=%
S8x
59=
6C=
6i%
o%
63
%
£S=
56%
67%
58=
59%
0
1=
72%
73=
Ty=
7S5=
Tos
77=
78%
79%
Ed=
5l»
ag=
§3=
2ux=
§5=
26w
27s
28w
IAGNOSTICe
39=
90

w

499

498

497

THE TEST FOR ECQUALITY BETWEEN NOM-INTEGERS MAY

NWC TP 5916

AVEC(K)=C

VAR (K)=Q

KS=Q

DO4K=1,NR yNRP

KSZKS +1

ENCODE(13,320,RLAB)IR(K)

CALL HEIGHT(Z.28)

CALL LINES(RLABE,IPAK1,KS)

KS=n

DOSK=1,NHF ,NHP

KSZKS +]1

ENCOCE(11,325,HLAB)IHF(K)

CALL LINES(HLAB,IPAKZ,KS)

DO9SLT=1,NT

READIS,1UG) LALPITI) pI=143) p(ELT(I),I=1,3) ,NM,NTN
FORMATI3F3e0y3X92F3e0y3XsI13,3X,A0)

ALPHZ (ALPU(L)+ALP(2) /6C+ALP(3)/ 3600)%.01745325/2
ELTHZ(ELTUI)+ELT(2) /60+ELT(2)/216301%.,01745329
3=SBAR/ (2% (SIN(ALPH)/COS(ALPH) )2COS(ELTH))
dRITE(64,203)INTN

WRITE (6,499)8

FORMAT(1HO'8 TS *4FT7e2,*METERS®)

WRITE(6,493)

FORMAT(1H3®AZIMUTH MASK ANCLE RANGE *)
ARITE(6,497)

FORMAT(1H * (DEG) (DEG ) (METERS) *)
AVEM=J

NMRINM

AVERZ=]

0010K=1,NM

008Iz4,1

READ(S 4 1TIIAZP(KyI) g (DMSK (I oJ) yJ=143)y (AZS(IVJ)yu=1,3)
FORMAT(2X yF3e092X93F3aue2Xy3F3L,18X)
AZS(I43)=2#%AZS(1,7)

TST=2%AZS(1,3)

IF(TST4LT.601G0 TO ¢

AZS(I,2)=AZS(I.21+1.

AZS(I,3)=A2S(1,3)=6C.

EMSK(Ky I)S((OMSKIT,2)=50)¢0MSK (I,2)/00+0MSKII,L3)/2600)
IF(EMSKEKI)aLToGCIEMSK(K,I)=0
AZSCUKyI)=(AZSEI42)#AZSUL,20/6C+A25(1,3)/23605)%4C1745329
AZP UK yI)=AZP(K,I)®,21745323

ANG1=AZSC(K,1)

ANG2ZAZP (K, I1)=AZSCIK,I)
RO(K,I)=ABSIB*SINIANGL)/SINIANG2))

AZP UK yI)=AZP(K,I)/.0174532¢
WRITE(645CC)AZP (KyI) EMSKIK,I) 4yRO(K, 1)
FORMAT(2X yF4e0¢8X,FS5e248X,F6.01

EMSK (K, T)IZEMSK(K,T)#,01745329

CONTINUE

AVEMZAVEM+EMSK(K ,4)

IFIPDIK ¢4) eEQaUINMRINM =]
AVERZAVER+RD(K,4)

38
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913 10 CONTINUE

2% AVEMZAVEM/ (NM%,01745329)

3= AVERZAVER/NM

4% WRITE (64531)AVEM,AVER

35% 5C1 FORMATU(IHJAVE SKYLINE ANGLE=® F3¢2,°0EG, RANGE=',Fbsl, "METERS") .
S6% CALL OPNPLT

ST=% DO Z2K=1,NR

FE% AVE=Q

39 = SSQ=3
120= 0C151=1 4NM

§~ 121% TST=3

122= DO15J=1,4 X
IAGNCSTIC* THE TEST FOR ZQUALITY BEZTWEEN NCN-INTEGERS ™AY NOT 3E MEANINGFUL.
1203=% IF(TSTeEQele)G0 TC 15
IAGNCSTIC= THE TSST FCR SQUALITY BETWEEM NOM-INTEGERS MAY NOT BE MEANINGFUL.
124% IF(EMSK(IZJ)eEQe)GO TO 15
125=% [F(R(K) oLEWRO(ILJIIGO TO 11
1.6= IF(JeEQ 4150 TO 12
127= 60" WO 1S

1208= 11 IF(JUeGT&1)G0 TO 12

109= ANG=(
1iC=» GO TO 14

111= 12 Juzu-1
112» ANGZEMSKI(I,JJ)
112» GO TO 14
114= 13 ANGZEMSK(I,JJ
115= 14 HC(K3I)ZR(WI®TAN(ANG)
4 li6= TST=1.0

117= 15 CONTINUE

118=% AVESAVE+HC(K,I)
119» 16 SSQISSU*HC(K,I)*=%2,

12C= AVEC(K)ZAVE/NM
121= VAR(K)IZ (SSC=(AVE®n2 ,)/NM) /(NM=1)
122% CA2SD(K)ZAVEC(K) +2% (VAR(K) ) *%C,5
123% 002CI=1,NHF

124% PPOB(K,I)=Q0

125% O01EL=10iM

126% 18 IF(HF(I)eGEeHCIK,L)IPRCE(K,I)=FROB(K,I)+1
127# 20 PROSIK,I)ZPRCBIK,I)/NM

128x WRITE (6 ,<CO)NTH

129= WRITE (6,201)R(K)

130% KRITE (6,2C2)

121» L2=

132= LINZINT(NM/12)
123= 0C2SL=1,LIN

134w tista+l

135= L2=L=12
13c# 25 WRITC(E ¢XC3V(HCEK IV oIZLLIWLD)
127s IF(LZLEQWNMIGD TO 30
1289 L1zL2+]
129= WRITE (63223 (HCUK,I)sIZLLI NM)
140 30 WPITE(6,2CH)AVEC(K)

luls NAZL

142 CALL PHYSOR(34Cs74C)
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143= CALL SCLPIC(Z45)
1443 ENCODE(35,315,LABELPINTN
145 CALL INTAXS
l46s CALL TITLEC(® *4y1,"ALTITUDE,MS®,1C0,*PROBAZILITYS®,1CCs245+1.75)
147 CALL MZSSAG(LAEELP,1004=3¢2542475)
14E= CALL CRAF(Ce95C0e95C0CQa9Jesla2,41.3)
1453 D053K =1 4NR ¢NRP 3
150 D032J=1,NHF
1S51= S2 PUJIZPROEB(NK,J)
1522 €3 CALL CURVE(HF,PyNHF <)
153= NRL=INT (NR/NRP)
154x CALL LEGEND(IPAKI NRLyZe759=e225)
1355=% CALL ENDGR(O)
15¢% «RITE (5,235)INTN
157= NHFIZINTINHF/10)
13e* L2:=2
156= IF(NHF4LT4iZIGC TO S6
160= OC5SI=1,NHF1
lol= L1zZL2+]
162% L2210+
163= WRITZ(6,2C6) (HF(L),LZL1,L2)
164% WRITE(6,207)
165% 0055K=1,4N\R
l1¢6* 5SS wRITE(6,285) RIK) L (PROBI(KyJ)pJ=ZU1,L2)
167 S6 NHF2=-NHF=10%NHF1
log* IF(NHF2.EC.N) GO TO 59
159% L1zL2+l
170% L2=L2*NHF2
171=% aRITE(64206)(HF(L),L=L1,L2)
172 WRITE (6,2.7)
173% DCS8K =1 ¢NR
174% S8 WRITE(6,203)R(K)(PRCB(RyaJ),yJd=LL,L2)
175= PUNCH 602,(AVEC(K)sK=1,NR)
176= PUNCH S5C3,(CA2S0(K) 4K=L4NR)
177» 600 FCRMAT(12F6.0)
17€= PUNCH 6C1,((PROB(KyJ),u=1yNHF) 4K=Z1,NR)?
179= 6C1 FORMAT(12F642)
183= 59 CALL PHYSOR(3.,4.C)
131% CALL TITLE(C® ®+1,°RANGE,M%°*,17C, "PROBABILITYS®,150424541475)
182% CALL GRAF(2Je920009100GC0ss0apTe2+13)
153» CALL INTAXS
154= CO65J=1yNHF 4 NHP
1E5» CO60K=1,NR
136= 6C PIK)ZPROBI(K,J)
137# 65 CALL CURVE(R,PyNRy4)
138#» NHLZINT (NHF/NHP)
189s» CALL LEGENUD(IPAK2yNHL,247S9=Ce ¢5)
19C+# CALL ENDGRI(D) :
191= CALL PHYSOR(3ey1.5)
152= CALL TITLE(® °*y1,°RANGEWMS$°*y19C, "CRITICAL ALTITUDE ,M$*,100,2¢5y1.7
193= XS )
i94+ CALL GRAFIC«¢2L00491600C+904+2003.,6C004)
195% CALL INTAXS
196% CALL CURVE(R,AVEC,NR,NRP)
197s CALL CURVE(R,CA25D0,NR,NRP)
158# CALL ENDGR (D)
199= CALL ENDPLI(D)
CCs» 95 CONTINUE
231% CALL DONCIPL
232+ END
0O OF COMPILATION: 3 OIAGNOSTICS.
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Listing of the Computer Program AVPL

TS AVE PROB LOS FROM PROB TABLES
DIMENSION AVEC(32),AVEW(32),CA2SD(32),LA2(32)
DIMENSION R(32),HF(22),PROB(32,22),PROBA(32,22),P(32),LABELP(X)
DIMENSION IPAK1(210),IPAK2(210),RLAB(2),KLAB(2)
READ(S,10C)NSETS
FORMAT(IS)

CALL FR8BOID(” 3175 C.BURGE PH, 3167°)
DO9SLT=1,NSETS
READ(Sy101INT ,NR,NHF yNRP ,NHP ,NTN
FORMAT(SIS,5X,A6)
READ(S,102) (R(K) ,K=1,NR)
FORMAT(12F6.0)
READ(S,102) (HF(K) ,K=1,NHF)

KS LEGENDS
x$=(C
DO4K=1,NR ,NRP
KS=KS+1
ENCODE(10,320,RLAB)R(K)

CALL LINESC(RLAB,IPAK1,2S)
FORMAT(“R=",F6.,0,°37)

K$=0

DOSK=1,NHF,NHP

KS=KS+1
ENCODE(11,225,HLABIHF (K)
CALL LINES(HLAB,IPAKZ2,KS)
FORMAT( ALT=",F6.0,73")
D010K=1,NR

AVEC(K)=0

CA2(k)=C

D0101=1,NNHF

PROB(K,1)=0

DOTSL=1,NT

READ(5,104) (AVEW(K) ,K=1,NR)
READ(S,104) (CA2SD(K) 4K=1,NR)
FORMAT(12F6.0)

READ(S5,107) ((PROBA(K,I),I=1,NHF) ,K=1,NR)
FORMAT (12F6.3)

015K =1,NR
AVEC(K)=AVEC(K)+AVEW(K)
CA2(K)=CA2(K)+CA2SD(K)
DO1S5SI=1,NHF
PROB(X,I)=PROB(K,I)+PPOBA(K,I)
D020K=14NPR
AVEC(X)=AVEC(K)/NT
CA2(K)I=CAZ(K)/INT

00201=1,NNF
PROB(X,1)=PROB(K,I)/NT
WRITE(6,2COINTN
FORMAT(1H1“AVE PROB TAELE “,A6,° TERRAINT)

TE AVE PROB TABLE

NHF1=INT(NKF/10)

LZ=0

IF(NHF.LT.10)G0 TO 26
D035S1=1,NHF1

~d




55«
56+
S7«
58+
5o
6C»
61
62+
63«
bbx
65+
66"
67 =
68=
69
70
71=
72>
73+
T4
75«
76
77
782
79«
8Cw
81
82+
83
84
85
Bé6=
87
g8 »
§9=
90 =
91
92
93
Q4 »
GSw
96
97 =
79+
G
100+
1C1»
102+
102+
1C4
10S «
106«
1C7+»
1C8«
109«
110
111+«
112»
113

«0 OF

Li=L2+1
L2=10+]
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WRITE(6,2C6) (HF(L),L=L1,L2)
2C6 FORMAT(THOIHALTITUDE=1CF10.4C)

WRITE(6,20

7

207 FORMAT(THCSHRANGE)

DO35Kk=1,NR

S WRITE(6,208)R(K), (PROB(K,J)yd=L1,L2)
208 FORMAT(1HOF6.0,4X10F17.3)
26 NHF23NHF=1C*NHF1
IF(NHF2.EQ.0)G0 TO 39

L1=L241
L2=L2+NHF2

WRITE(6,208) CHF(L),L=LT1,4L2)

WRITE (6,20
DOIEK=1,NR

7

28 WRITE(6,208)R(K),(PROB(K,JI)yd=L1,L2)
C PLOT AVE PROB AS FN OF ALTITUDE
39 CALL PHYSOR(2.45.5)
ENCODE(25,315,LABELP)INTN
315 FORMAT(”AVE PROB LOS “,A6,  TERRAIN®,”$7)
CALL RESET(ZINTAXS?)

. CALL XINTA

CALL TITLEC” “,1,“ALTITUDE ,M3$°,100, PROBABILITYS$",100,3.75,2.75)

X

CALL MESSAG(LABELP,100,~0425,3.5)
CALL GRAF(34,10004950C0e4049042,1.0)

DCLSK=1,NRyNRP

DO&LI=1,NH

46 P(J)=PRCE(K,J)

F

45 CALL CURVE(HF ,P,NHF ,NHP)
NRL=INT(NR/NRP)
CALL LEGEND(IPAKT,NRL,4.0,0e25)

CALL ENDGR(O)

C PLOT AVE PROB AS FN OF RANGE
CALL PHYSOR(Z.y145)

CALL TITLEC” “,1, RANGE ,MS$“,100, “PROBABILITYS ,100,2.75,2475)

CALL GRAF(04,y200Cey16300ey0e9042,1.0)

CALL XINTA

X

DOSS5J=1,NHF,NHP

DOS0K=1,NR

S0 P(K)=PROB(K,J)
S5

CALL CURVE(R,P,NR,NRP)
NHLEINT(NHF/NHP)
CALL LEGEND (IPAK2,NHL,4.,0,Cs25)

CALL ENDGR(O)
CALL ENDPL(O)

C PLOT AVE CRITICAL ALT AS FN OF RANGE
CALL PHYSOR(244545)

CALL INTAX

CALL TITLEC” “,1, RANGE,MS$°,100,“CRITICAL ALTITUDE,™3”,1C0,3.75,.

X75)

S

CALL GRAF(0+4200044160004,Csy2000.,60300.)
CALL CURVE(R,AVEC yNR (NRP)
CALL CURVE(R,CA2«NR.NRP)

CALL ENDGR(O)
CALL ENDPL(D)

95 CONTINUE
CALL DONEP
END

COMPILATION:

L

NO

DIAGNOSTICS.
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